tion and distance, ballistic transport of phonons with frequencies between 1.0 and 2 THz is reported.
Introduction.-There has been a great deal of recent acitivity in high frequency 1 phonon transport . We recently presented a preliminary report on the propagation of non-thermal, large-wavevector acoustic phonons over macroscopic distances (QJ mm) in
GaAs at low temperaturesL. Here we report on the spatial, temporal and directional dependence of the phonon signals in CaAs and present also results on InP.
Experimental.-Bulk crystals of GaAs and InP with mechanically lapped and chemically etched surfaces were used. We studied A1 bolometer and Pb junction detector signals in three geometrical configurations: a) "trans" in the plane-parallel samples with photoexcited source region and detector on opposite sides; b) "cis" with source and detector on the same crystal surface; c) "edge on" with the detector close to a sample edge and the source on the adjacent face. In the following, the necessary corrections for Lambert's Law and the cosine of the detector viewing angle have been made.
Results.- Figure 1 shows phonons signals s*=r2*s, where S is the actually measured A1
bolometer signal as a function of t at different fixed distances r, for the three principal directions in a 2.7~6. 5x12mm3 <1,1,0> cut GaAs crystal with <I, 1,1> edge-on detector. S* has been plotted as a function of t/r to reveal the characteristics of ballistic, dispersive transport: linear scaling of pulse shape in time and space.
Close affinity is, indeed, observed in Fig. 1 . The peak of the phonon distribution travels with 0.9xl05cm/sec, and the leading and trailing halfpoints with QJ 2 .%lo5, and QJ 0.4xl0~cm/sec. respectively. The detailed shape of the velocity distributions depends on propagation direction.
The signal onset of the TA phonon signals was measured and compared to lowfrequency propagation, launched in evaoorated metal film stripes in situ in the sane experiment. The onset edge of the "slow" signals in Fig 
Due t o t h e pulse shape v a r i a t i o n s evident i n Fig. 1 -a narrowing of v e l o c i t y spread among t h e h a l f p o i n t s by almost a f a c t o r of 2 i s observed i n a l l t h r e e d i r e c t i o n s i n t h e d i s t a n c e range discussed here -t h i s p r o p o r t i o n a l i t y i s modified. Evaluating -1 t h e t o t a l i n t e g r a t e d pulse s i g n a l we found a<111> 3cm , ci -10cm-I i n t h e o t h e r d i r e c t i o n s . From t h e narrowing we conclude t h a t both t h e high frequency t h e low frequency p a r t s of t h e i n i t i a l frequency d i s t r i b u t i o n a r e a f f e c t e d by attenuation.
The minimum of damping occurs a t frequencies of 2.05 THz i n <1,0,0>, <1,1,0> and
TNz i n t h e <1,1,1> d i r e c t i o n . This i s an i n d i c a t i o n of a n i s o t r o p i c phonon propagation i n t h e d i s p e r s i v e region. However, t h e polychromatic e x c i t a t i o n of TA phonons ( v i a t h e LO + LA + TA r e l a x a t i o n cascade) and t h e r e l a t i v e l y l a r g e d e t e c t o r viewing angle tends t o smooth out l a r g e v a r i a t i o n s i n t h e d i r e c t i o n a l i t y i n t h e
i n t e n s i t y of t h e phonon s i g n a l s , which one would expect f o r monochromatic highfrequency phonon propagation ( i n analogy t o t h e focussing e f f e c t i n non-dispersive t r a n s p o r t a t low frequencies).
I n Figure 2 (b) we show some r e s u l t s f o r InP on t h e s p a t i a l dependence of t h e phonon s i g n a l s f o r t h r e e d i f f e r e n t elapsed times. This p l o t shows t h a t t h e phonon energy d e n s i t y has a peak which moves with increasing time away from r = O i n a quasi b a l l i s t i c fashion. This i s c l e a r l y d i f f e r e n t from d i f f u s i v e t r a n s p o r t , where t h e e x c i t a t i o n region would always have t h e maximum energy density a f t e r pulsed e x c i t a t i o n . These d a t a i n d i c a t e t h a t t h e momentum and enerp,y r e l a x a t i o n time f o r phonons i n t h e 1.5 THz region i s microseconds long i n InE'.
I n both m a t e r i a l s boundary s c a t t e r i n g of these TIIz phonons turned out t o be completely d i f f u s e and caused e f f i c i e n t down conversion i n t o low 3 phonons. I n summary, we have observed t h e propagation of near zone-edge TA phonons a f t e r non-radiative e-h p a i r recombination i n bulk GaAs and InP. Such propagation appears t o be a g e n e r a l f e a t u r e f o r zinc-blende semiconductors w i t h high chemical, p h y s i c a l and s u r f a c e p e r f e c t i o n .
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